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WTROPUCTIOW 

The  following  report  presents  the  results  of  Task  1  of  the  open-end  contract 
for  Engineering  Analysis  of  Ocean  Engineering  Projects  for  the  Chesapeake 
Division,  Naval  Facilities  Engineering  Command. 

This  study  has  been  conducted  by  Brian  Watt  Associates,  Inc.  (BWA)  of 
Houston,  Texas,  and  was  performed  under  contract  N62477-83-D-0165.  It 
represents  an  effort  of  approximately  13  man-weeks.  The  study  was  performed 
as  BWA  Project  No.  210. 


Objectives 

The  goal  of  this  task  is  to  determine  the  steady-state  dynamic  mooring  forces 
for  a  three-leg  semisubmersible  buoy,  moored  in  water  depths  ranging  from 
100  to  400  feet,  and  being  subjected  to  the  survival  wind,  current,  and  wave 
for  the  site.  The  dynamic  response  of  the  moored  semisubmersible  to  the 
survival  environment  will  be  simulated  using  Computer-Aided  Design 
techniques. 

Scope  of  Work 

The  scope  of  work  as  defined  by  the  Department  of  Navy  was  as  follows: 

Computer  simulation  of  the  dynamic  response  of  the  moored 
semisubmersible  for  the  survival  environment  at  water  depths 
of  400,  250,  150  and  100  feet. 

Design  of  a  mooring  system  for  each  water  depth.  The  mooring 
will  be  composed  of  three  equal  lengths  of  ABS  grade  2  stud 
link  chain.  This  includes  specifying  the  location  of  the  mooring 
anchors,  the  length  of  the  mooring  chain,  and  the  size  of  the 
mooring  chain. 

The  mooring  will  be  designed  such  that  the  angle  formed  by 
the  mooring  leg,  the  anchor,  and  the  ocean  bottom  does  not 
exceed  zero  degrees  and  that  the  maximum  tension  does  not 
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exceed  35  percent  (+  5  percent)  of  the  chain's  proof  load  at 
any  time  during  the  simulation. 

The  mooring  will  be  orientated  such  that  one  mooring  leg  will 
be  required  to  resist  all  environmentally  applied  loads. 

The  ballasting  of  the  semisubmersible  will  be  adjusted  to 
compensate  for  the  vertical  load  on  the  semisubmersible  from 
the  mooring  legs  before  performing  the  dynamic  simulation.  The 
dynamic  simulation  will  be  continued  until  the  steady-state 
response  can  be  determined. 

The  computer  model  used  must  be  able  to  simulate  the  rigid 
body  motions  of  the  semisubmersible  as  function  of  time  when 
subjected  to  the  following  external  forces: 

1.  Hydrodynamic  loading  on  the  submerged  portion  of  the 
structure  due  to  a  series  of  nonlinear  near-breaking 
waves. 

2.  Hydrodynamic  loading  on  the  submerged  portion  of  the 
structure  due  to  a  uniform  current. 

3.  Aerodynamic  loading  on  the  exposed  portion  of  the 
structure  due  to  a  uniform  wind. 

4.  Concentrated  loading  on  the  structure  due  to  the 
nonlinear  catenary  behavior  of  the  three  mooring  legs. 


The  computer  model  used  does  not  have  to  be  able  to  simulate 
environmental  loading  on  the  mooring  chains,  the  internal 
stresses  or  deflections  of  the  semisubmersible 's  structural 
components,  or  the  dragging  of  the  mooring  leg  anchors  when 
overloaded. 
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Government  Furnished  Information 

The  following  information  was  provided  by  the  government  in  performance 
of  this  task: 

1.  An  engineering  drawing  of  the  semisubmersible.  These  have  been 
included  in  this  report  as  Figures  1.1,  1.2  and  1.3. 


Table  1.1  gives  the  survival  wind,  current  and  wave  for  each  of  the 
four  water  depths  as  specified  by  the  government. 
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2.1  ANALYSIS  AMD  MODEL  DETAILS 

This  section  discusses  the  software  used  for  this  task,  the  details  of  the 
computer  model,  the  stream  function  analysis  and  the  mooring  system  design 
procedure. 

2.1  BWA  Software 

The  main  program  used  for  the  simulation,  titled  SEMI,  is  a  FORTRAN  code 
developed  by  BWA.  This  program  simulates  the  motions  of  tension  leg 
platforms  and  semisubmersibles  in  the  time  domain. 

The  program  SEMI  has  the  following  capabilites: 

Wind  loading 

Current  loading 

Airy  wave  loading 

Stream  Function  wave  loading 

Catenary  moorings 

Tension  leg  moorings 

In  addition,  the  following  software  has  been  used  as  part  of  the  design  cycle. 

FREQ:  A  frequency  domain  program  for  motion  analysis  of  tension  leg 
and  catenary  moored  semisubmersibles.  The  program  uses  Airy 
wave  theory,  iterates  for  a  best  fit  linearizing  of  the  viscous 
damping  and  conducts  eigenvalue,  eigenvector  analysis. 

DAMS:  A  program  for  the  design  and  analysis  of  single  and  multi- 
component  mooring  systems.  Clump  weights  or  buoys  can  be 
placed  on  the  mooring  lines.  Restoring  forces  on  the  vessel, 
high  line  tension  and  vessel  excursion  are  printed  out. 

Apart  from  the  above  software  which  has  been  developed  by  BWA,  a  finite 
element  package  ANSYS  was  run  to  obtain  the  system  mass,  radii  of  gyration 
and  center  of  gravity. 
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The  analysis  methodology  consisted  of  iterating  in  a  design  loop  until  a 
workable  system  was  achieved.  The  design  loop  incorporated  the  evaluation 
of  the  moorings,  and  the  evaluation  of  the  entire  system  in  both  the  frequency 
domain  and  the  time  domain.  This  simulation  cycle  is  shown  in  Figure  2.1; 
related  software  is  listed  in  Table  2.1. 


The  analysis  began  with  the  estimation  of  the  mean  quasi  static  forces  due 
to  wind,  wave  and  current  loading.  This  estimation  was  made  using  a  time 
domain  analysis  with  the  semi  moored  by  tension  legs  as  shown  in  Figure 
2.2.  The  extreme  length  of  the  tension  legs  limited  out-of-plane  forces. 

Once  the  mean  forces  were  known,  the  magnitude  of  the  first  order  motions 
was  assumed.  The  mooring  program  DAMS  then  evaluated  the  proposed 
mooring  systems.  After  a  satisfactory  mooring  system  was  found,  the  required 
ballast  for  the  operating  draft  was  calculated.  The  finite  element  program 
ANSYS  was  used  to  determine  the  vessel  CG  and  radii  of  gyration. 


A  freguency  domain  analysis  was  made  to  determine  the  mooring  loads,  and  the 
oscillatory  wave  forces  and  motions.  Any  refinements  to  the  mooring  system 
were  made  at  this  point. 

After  all  modifications  were  completed,  the  system  was  analyzed  in  the  time 
domain.  The  results  of  the  time  domain  analysis  determined  the  acceptability 
of  the  system. 

No  effort  has  been  made  here  to  optimize  the  mooring  system.  Based  on 
these  results  a  further  refinement  could  be  undertaken  and  additional  time 
domain  analyses  performed. 

Model  Generation 

The  model  generation  consisted  of  defining  the  semisubmersible  by  a  set  of 
nodes  and  elements.  Each  node  point  is  defined  by  its  X,  Y,  and  Z  coordinates 
in  three  dimensional  space.  Each  element  is  described  by  its  nodal  end 


vvs 


points,  its  equivalent  circular  diameter,  and  its  drag  and  added  mass 
coefficients. 

The  fluid  model  generated  for  this  analysis  contained  219  elements.  The 
elements  were  grouped  as  shown  below: 


Item 

Quantity 

No.  of  Elements 

Pontoons 

3 

3  x  30 

Columns 

3 

3  x  22 

Lower  Braces 

6 

6x5 

Upper  Braces 

3 

3x5 

Deck  Supports 

3 

3x5 

Triangular  Dampers 

3 

3x1 

219 

Plots  of  the  fluid  model  are  shown  in  Figures  2.3  through  2.9. 

The  mooring  system  was  attached  at  a  point  12  ft  above  the  bottom  of  each 
column.  Figure  2.10  shows  a  plan  view  of  the  semisubmersible  and  the 
coordinate  system  adopted.  The  origin  was  27  ft  above  the  bottom  and  Z 
is  positive  upwards. 

Element  Size  Considerations 

In  order  to  properly  model  the  semisubmersible  the  element  sizes  must  be 
small  enough  to  avoid  numerically  induced  errors  during  the  solution.  There 
are  two  criteria  for  determining  the  size  of  major  elements  exposed  to  fluid 
loadings.  First,  the  element  length  should  be  less  than  10%  of  the  wave 
length,  about  70  feet  in  this  case.  Second,  a  member  should  be  divided  into 
at  least  twenty  elements  to  enable  the  proper  calculation  of  inertias  and 
other  moment  like  quantities. 

For  this  particular  model,  the  major  elements  were  divided  much  finer  than 
required  to  insure  the  accurate  attainment  of  moment  and  inertia  quantities. 
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Added  Maas  tad  Drag  Coefficients 

The  solution  technique  requires  an  added  mass  coefficient  and  a  drag 
coefficient  for  flow  normal  to  the  element  axis  and  for  the  exposed  ends  of 
the  element. 


There  are  two  instances  when  the  end  of  an  element  must  be  considered  as 
exposed.  The  first  and  most  obvious  is  when  the  end  really  is  exposed.  The 
second  instance  occurs  at  a  connection  (column  to  pontoon)  where,  for 
pressure  equilibrium,  a  nonexposed  end  must  be  input  as  exposed. 


The  following  values  for  the  drag  and  added  mass  coefficients  were  used: 


cD 

cA 

cD 

cA 

Item 

Normal 

Normal 

End 

End 

Cylinders 

.62 

.90 

0.4 

1.0 

Triangles 

0.0 

0.0 

2.0 

2.83 

The  following  reference  was  used  in  obtaining  these  values  "Mechanics  of 
Wave  Forces  on  Offshore  Structures,  Turgut  Sarpkaya  &  Michael  Isaacson, 
Van  Nostrand  Reinhold  Company."  Figures  3.20  and  3.21  from  this  reference 
give  the  variation  of  Cp  and  Ca  and  have  been  included  as  Figure  2.11  in 
this  report.  The  values  of  Reynolds  number  and  Keulegan-Carpenter  number 
required  to  use  these  figures  are  shown  below: 


ft  * 

■ 

Item 

Re 

K 

Cd 

Cm 

c* 

Pontoons 

1.93  x  10-5 

90.93 

0.62 

1.90 

0.90 

s  • 

U 

Columns 

and  Braces 

2.09  x  10-5 

84.00 

0.62 

1.90 

0.90 

*> 

8 

The  coefficients  for  the 

triangular 

dampers 

were  obtained 

by 

computation. 


The  basic  fluid  model  of  the  semisubmersible  was  input  into  the  finite  element 
program  ANSYS.  This  step  was  necessary  to  compute  the  system  mass,  center 
of  gravity,  and  radii  of  gyration. 


The  ANSYS  model  differed  from  the  fluid  model  in  that  it  required  dummy 
elements  to  connect  the  members  of  the  fluid  model. 

The  ANSYS  element  used  to  represent  the  structural  members  of  the 
semisubmersible  was  the  3-D  pipe  element,  STIF42.  The  appropriate  values 
for  Young's  Modulous,  Poisson's  ratio,  density,  diameter  and  thickness  were 
input.  To  model  the  ballast  water,  the  STIF42  element  was  used  again.  The 
wall  thickness  was  set  equal  to  the  radius,  Young's  Modulous  was  set  equal 
to  1,  and  Poisson's  ratio  was  set  equal  to  zero. 

The  results  from  ANSYS  giving  the  centers  of  gravity  and  the  radii  of 
gyration  are  shown  in  Table  2.2 


Stream  Function  Anals 


A  stream  function  analysis  was  performed  for  the  four  design  cases  to  obtain 
vertical  and  horizontal  velocities,  accelerations,  and  presssures.  This  data 
is  output  to  a  binary  file  which  is  read  as  input  to  the  frequency  and  time 
domain  programs. 


The  governing  equation  for  stream  function  modeling  is  the  Laplace  equation. 
The  formulation  satisfies  kinematic  boundary  conditions  at  the  bottom  and 
free  surface,  and  the  dynamic  free  surface  boundary  condition.  The  water 
particle  kinematics  are  corrected  by  a  vector  addition  of  the  current  (Ref.: 
Dalrymple,  R.  A.,  "A  Finite  Amplitude  Wave  on  a  Linear  Shear  Current,"  J. 
Geophysical  Research,  Vol.  79,  pp.  4498-4504,  1974).  The  bottom  and  surface 
currents  are  specified  and  a  linear  interpolation  is  undertaken.  As  the  wave 
water  particle  velocities  are  corrected  for  the  current,  the  external  imposed 
current  velocity  for  drag  computation  in  the  time  domain  analysis  has  been 
set  to  zero. 
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The  stream  function  program  used  for  this  analysis  was  developed  at  Coastal 
and  Offshore  Inc.  Input  requirements  include:  wave  height,  wave  period, 
water  depth,  bottom  and  surface  currents,  the  order  of  the  problem,  number 
of  computational  points  over  1/2  the  wave,  maximum  number  of  solution 
iterations. 

The  actual  input  for  the  four  cases  is  shown  in  Table  2.3. 

1.S  Aerody—nic  Loading 

The  wind  loading  was  estimated  based  on  section  3.5.2  of  the  "ABS  Rules 
for  Building  and  Classing  Mobile  Offshore  Drilling  Units  -  1980”.  The  total 
estimated  wind  force  was  40  Kips  acting  at  29.4  ft  above  waterline.  Table 
2.4  gives  the  details  of  the  computation  and  Figure  2.12  shows  the 
semisubmersible  projected  area  used  in  the  calculations. 

1J  Mooring  System 

The  mooring  systems  used  in  this  study  to  restrain  the  semisubmersible  were 
conventional,  single-component  spread  moorings.  The  basic  catenary 
relationships  used  for  mooring  system  design  are  shown  in  Figure  2.13. 

Table  2.5  gives  the  pertinent  properties  for  various  sizes  of  chain.  The 
maximum  chain  size  allowed  was  limited  to  6  in.  This  is  the  largest  size 
commercially  produced  at  the  present  time  without  the  need  for  extensive 
expansion  of  manufacturing  facilities. 

Figure  2.14  shows  the  relationship  between  scope  and  water  depth  used  in 
this  study.  The  scope-water  depth  curve  is  nonlinear  and  corresponds  to  a 
constant  line  length  of  2,000  ft. 

The  coefficient  of  bottom  friction  used  throughout  the  study  was  0.80. 

The  design  of  the  mooring  system  at  each  depth  followed  the  same  general 
procedure: 
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(1)  Estimate  the  mean  quasi-static  force  due  to  wind,  wave,  and 
current  and  the  magnitude  of  1st  order  motions  using  a  time 
domain  analysis  of  the  semimoored  by  tension  legs. 

(2)  Estimate  a  starting  anchor  location  based  on  the  line  length 
and  water  depth  (see  Figure  2.1S). 

(3)  Perform  a  series  of  mooring  analysis  varying  the  chain  size. 
Evaluate  systems  with  respect  to  high  line  tension  and  anchor 
forces  when  subjected  to  forces  and  motions  established  in  Item 
1  (see  Table  2.6). 

(4)  Select  the  candidate  system  based  on  a  review  of  the  results. 

(5)  Perform  another  series  of  runs,  this  time  varying  the  anchor 
location.  Evaluate  the  system  with  respect  to  high  line  tension 
and  anchor  forces  when  subjected  to  the  forces  and  motions 
established  in  Item  1  (see  Table  2.7).  Select  final  anchor 
location. 

(6)  Adjust  ballasting  of  semi  to  account  for  the  vertical  load  arising 
from  the  vertical  component  of  mooring  line  tension  and 
calculate  new  CG  and  radii  of  gyration  using  ANSYS  program. 

(7)  Perform  a  frequency  domain  analysis  of  the  trial  mooring  system 
to  determine  natural  periods,  R.A.O.'s,  and  phase  angles  of  the 
system,  and  to  obtain  an  estimate  of  the  maximum  line  tensions 
and  anchor  loads. 

(8)  Revise  system  based  on  results  of  frequency  domain  analysis, 
if  required. 


* 


a 


s 

\i 

S  i 
\ 
> 


Vr  ±>yL-y  cLti  r^~ArA  aam 


V 

s' 

> 

,N 


& 

r 

M! 

$ 

Tt. 

81 


•a 


I 

I 


3 


"  /•>: 


* 

$ 


;S  vt 


%  V > 

a 


»jr  *  - 

:J  - 


1 

% 

i 

.1 


(9)  Perforin  time  domain  analysis  of  system. 

(10)  Review  time  domain  results  to  determine  system 
acceptablity/rejection. 
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RESULTS 

Appendix  A  to  this  report  contains  the  frequency  domain  results  and  time 
history  plots  for  each  of  the  design  cases. 

Table  3.1  gives  the  parameters  for  each  of  the  four  design  cases. 

A  time  step  of  0.25  seconds  was  selected  in  the  time  domain  simulation. 
The  simulation  was  carried  until  steady  state  was  acheived.  This  corresponds 
to  400  time  steps  with  a  total  span  of  100  seconds. 

The  maximum  chain  size  was  limited  to  6  in.  This  limit  was  based  on  the 
maximum  chain  size  commercially  available  from  present  installations.  It 
was  felt  that  the  economics  of  the  problem  would  not  permit  any  special 
arrangements  for  larger  chain  sizes. 

A  summary  of  the  results  from  the  frequency  domain  and  time  domain  are 
included  here. 

Table  3.2  gives  the  results  from  the  frequency  domain  analysis.  The  important 
quantities  in  this  table  are  the  natural  periods,  response  amplitude  operators 
and  phase  angle  in  surge,  heave,  and  pitch. 

Summary  results  from  the  time  domain  simulation  are  given  in  Tables  3.3 
through  3.6.  The  results  from  this  simulation  are: 


Water 

Mooring 

Peak  Tension 

Depth 

Chain 

(%  Proof  Read) 

412  ft 

5  in. 

30.84 

262  ft 

5  in. 

31.26 

162  ft 

6  in. 

59.8 

112  ft 

6  in. 

114.8 
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CONCLUSIONS  &  RECOMMENDATIONS 

Based  on  the  preliminary  study  conducted  here,  a  feasible  mooring  system, 
that  satisfies  all  the  design  criteria  defined  by  the  U.S.  Navy,  has  been 
designed  for  water  depths  of  400  ft  and  250  ft.  The  designed  mooring  system 
consists  of  a  5  in.  diameter,  Grade  2  stud  link  chain.  The  length  of  chain 
was  2,000  ft  for  all  depths. 

No  effort  has  been  made  under  this  task  to  optimize  or  refine  the  mooring 
system.  Based  on  these  results,  the  conclusion  is  that  a  4}  in.  diameter 
chain  could  be  used.  Also,  the  length  of  chain  needs  to  be  optimized  and 
can  be  reduced  in  most  cases. 

All  the  evaluation  in  this  task  was  for  a  survival  environment.  The  response 
of  the  system  to  a  design  environment  with  operational  constraints  also  needs 
to  be  examined. 

A  feasible  solution  was  not  found  for  the  150  ft  and  100  ft  depth.  For  the 
150  ft  depth  the  peak  line  tension  is  59.8%  with  a  6  in.  diameter  chain.  It 
is  our  opinion  that  an  optimization  exercise  may  yield  a  workable  solution. 
For  the  100  ft  depth,  the  peak  line  tension  is  114.8%. 

The  coupled  response  of  surge,  heave,  and  pitch  plays  a  dominant  role  in 

the  behavior  of  the  mooring  system.  At  water  depths  of  400  and  250  ft, 

the  maximum  surge  displacement  is  coupled  with  a  negative  heave  (downwards) 
and  a  positive  pitch.  This  results  in  a  slackening  of  the  most  loaded  line 
and,  thereby,  reducing  the  tension  to  acceptable  levels.  At  the  150  ft  water 
depth,  the  maximum  surge  displacement  is  coupled  with  zero  heave  and  a 
positive  pitch.  At  the  100  ft  water  depth,  the  maximum  surge  displacement 
is  coupled  with  a  positive  heave  (upwards)  and  a  sharp  variation  in  the  pitch 
response  from  negative  22  degrees  to  a  positive  9  degrees  within  a  very 
narrow  band.  The  net  result  is  to  make  the  mooring  chain  taut,  causing 
high  line  tensions. 


In  our  opinion,  further  evaluation  of  the  system  needs  to  be  conducted  at 
the  ISO  ft  water  depth.  A  more  thorough  time  domain  simulation  with 
irregular  sea  states,  to  alleviate  the  strong  dependence  on  a  particular  wave 
frequency  and  the  resulting  phase  relationship,  is  recommended  to  prove  the 
system  performance. 
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Fig.  3.20.  Cm  versus  K  for  various  values  of  the  Reynolds  number  and  the  frequency  pa¬ 
rameter  (Sarpkaya  1976a). 


Fig.  3.21.  Cg  versus  Reynolds  number  for  various  values  of  K  (Sarpkaya  1976a). 
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Max  TFwsioW  ©>  vessel  C*ifs}  = 

MINI  TENSION  ©  VESSEL  CKl  =  \3^ 

MffANJ  TENSION  ©>  VESSEL  £|OiFs)  =.  l?$- 

MAX  Hc>R?.  FORCE  @  ANCHOR.  C*-,p,c}  w  |3<^ 

MiM  Worz.  force  <g>  amchcr.  (fc\P£)=t  o 

MAX  vertical  FORCE  <J?  anchor  (lips)  -  — 

Mini  vertical  force  ©>  rnchoe.clp| 
chain!  IXAmEreB.  C»m)  -  o 

LENGTH  OF  CHAIN  Cft}  =  2,000 
LOCATION  OF  ANCHOR  £F7)  c  /.,  ?<ro 
PROOF  LoA3i  -  1^203 

(peak  TEN*SVOW  /proof  LcA.eAxIOO  sl 


3o-%4  y. 


WATER  DEPTH 

— 

250  FT 

EFFECTIVE  WATER  DEPTH 

= 

262  FT 

WAVE  HEIGHT 

= 

72  FT 

WAVE  PERIOD 

= 

14.0  SEC 

CURRENT 

= 

3  KN 

WIND 

— 

150  KN 

MOORING  CHAIN 


5  IN 


HT^M 


\aJE  l§HT 
C s  •  tons) 

SeMlSU8rt\E  feS»BLE  +  P&NL0  6  * 

MOO RlKlGr  SSSTEM 

VERTICAL  COMPONENT 


BftLLAST 

Total  ^\sPlPicement 


2-STS-O 


SEVWSU^TOE  R^V^UE  VJf  IG-HT  Txsto  BUTioM 
liEPTH  -  2-60-  FT 


****  CALCULATED  DISPLACEMENT  PROPERTIES  **»* 


DISPLACEMENT 

CENTER  OF  BUOYANCY  ALONG 
CENTER  OF  BUOYANCY  ALONG 
CENTER  OF  BUOYANCY  ALONG 


■  0.  49987E  06 

X-AXIS  -  0.00 

Y-AXIS  -  0.00 

Z-AXIS  -  -19.89 


««*•  STRUCTURAL  INPUT  PROPERTIES  ***# 


STRUCTURAL  WEIGHT 
ROLL  RADIUS  OF  GYRATION 
PITCH  RADIUS  OF  GRYRATION 
YAW  RADIUS  OF  GRYRATION 
CENTER  OF  GRAVITY  ALONG  X-AXIS 
CENTER  OF  GRAVITY  ALONG  Y-AXIS 
CENTER  OF  GRAVITY  ALONG  Z-AXIS 


0.  33000E  06 
29.  20 
25.  20 
31.  10 
0.  00 
0.  00 
-17.  90 


*«*«  WATER  INPUT  PROPERTIES  **** 


MASS  DENSITY  OF  WATER  «  1.99 
ACCELERATION  OF  GRAVITY  -  32.  17 
WAVE  HEIGHT  *  72.  00 
WAVE  PERIOD  -  14.00 
WATER  DEPTH  «  262.  00 
ANGLE  OF  ATTACK  IN  DEGREES  »  180.  00 


«***  CALCULATED  WATERPLANE  PROPERTIES  **** 


WATERPLANE  AREA 
CENTER  OF  AREA  ALONG  X-AXIS 
CENTER  OF  AREA  ALONG  Y-AXIS 
WATERPLANE  INERTIA  ABOUT  X-AXIS 
WATERPLANE  INERTIA  ABOUT  Y-AXIS 
METACENTRIC  HEIGHT  IN  ROLL 
METACENTRIC  HEIGHT  IN  PITCH 


94.  91 
0.  00 
-0.  00 

0.  66787E  05 
0.  66783E  05 
6.  57 
6.  57 


****  CENTERS  ARE  IN  ORIGINAL  SYSTEM  ***# 
****  INERTIAS  ARE  ABOUT  AXES  THRU  CO  *** 


FREqUENJCy  DOMAIN  RESULT'S 


UNIT^  *.  LBS,  Fe-FT 


CALCULATED  DISPLACEMENT  PROPERTIES 


DISPLACEMENT 
CENTER  OF  BUOYANCY  ALONG 
CENTER  OF  BUOYANCY  ALONG 
CENTER  OF  BUOYANCY  ALONG 


«  0.  49987E  06 

X-AXIS  -  0.00 

Y-AXIS  ■  0.00 

Z-AXIS  -  -19.  89 


•««•  STRUCTURAL  INPUT  PROPERTIES  **** 


STRUCTURAL  WEIGHT 
ROLL  RADIUS  OF  OYRATION 
PITCH  RADIUS  OF  GRYRATION 
YAW  RADIUS  OF  GRYRATION 
CENTER  OF  GRAVITY  ALONG  X-AXIS 
CENTER  OF  GRAVITY  ALONG  Y-AXIS 
CENTER  OF  ORAVITY  ALONG  Z-AXIS 


0.  33000E  06 
29.  20 
29.  20 
31.  10 
0.  00 
O.  00 
-17.  90 


•*««  WATER  INPUT  PROPERTIES  **#* 


MASS  DENSITY  OF  WATER  -  1.99 
ACCELERATION  OF  GRAVITY  -  32.  17 
WAVE  HEIGHT  -  72.  00 
WAVE  PERIOD  «  14.  00 
WATER  DEPTH  -  262.00 
ANGLE  OF  ATTACK  IN  DEGREES  -  180.  00 


CALCULATED  WATERPLANE  PROPERTIES  **** 


WATERPLANE  AREA 
CENTER  OF  AREA  ALONG  X-AXIS 
CENTER  OF  AREA  ALONG  Y-AXIS 
WATERPLANE  INERTIA  ABOUT  X-AXIS 
WATERPLANE  INERTIA  ABOUT  Y-AXIS 
METACENTRIC  HEIGHT  IN  ROLL 
MET ACENTRIC  HEIGHT  IN  PITCH 


94.  91 
0.  00 
-0.  00 

0.  66787E  09 
0.  66783E  09 
6.  97 
6.  97 


****  CENTERS  ARE  IN  ORIGINAL  SYSTEM  ***• 
****  INERTIAS  ARE  ABOUT  AXES  THRU  CO  *#* 


FREqUENCy  DOMAIN  RESULTS 


:  UNITS  *-  LBS,  FgTT 
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U  12 .88  25.18  27.81  81.11  (2.81  78.(8  (7.88  1(8, 


TIME  (SECONDS) 


I , 


B  ,^TTfT| 

•  I2.H  25.  M  (7.5*  M.N  *2.51  75.51  «7.M  Id. 


TIME  [SECONDS) 


I 

1 


BRIAN  WATT  ASSOCIATES.  IN 


I 


II  87.81  8l.il  11.91  78.11  17.81  IM.« 


TIME  (SEC) 


.'-y 


Av‘i 


.  -  v> . 

Vi-VlCflA  -i/. 


k_£»V-*kj  ,w\  Aj  \_?w 


2/  2 


^^16^9^I100RIN^VST£MDESIGN  AMD  TIME  DOMAIN  SIHU^nC^^B 
SEH I  SUBMERSIBLE  BUOVCU)  UflTT  (BRIAN)  ASSOCIATES  INC 
HOUSTON  TX  SEP  82  N82477-84-D-0iS5 


UNCLASSIFIED 


F/G  12/2 


NL 


0.35  12.72  25.  IB  27.CB 


1.12 


75.1 


m 


TIME  (SEC) 


y. 


SUmim\A£V  of  Results 


ETFFgCTtVg  WATER.  -DEPTH  -  2-62.  ft 


-bHSI&NJ  WAVE  HEIGHT  (FT)  a.  T'X*  O 
WAVE  PERIOD  (Sec^  -  14.0 

Max  cBest  elevation  Cft)  -  +42.-03 
Min  Trough  ElE vatic N  ( ft) -  -29-Ss- 
MEAN  ELEVATION  Cf-t-}  -+  6-0*8' 


MAx/miN  SURGE  offset  (pt)  i 
Mean  surge  offset  ( ft)  = 

MAX.  /s+OR OeR  MoT lOf^S  CI=t)  - 

MA>/MIN  HEAVE  OFFSET  C =•  ■ 
Mean  heave  offset  £  ft]}  = 
Max  |s+OROG&  MoT/CN  (FT^  =- 

MAx/MlH  P»TcH  angle  Ct>EG)  — 
Mean  Pitch  angle  £deg}  = 

Max  Is4  ocoee.  Motion 


-l4<T2.%/-74-65T 
-  112-0 
t  37 -3 

-3S-.  14/23-^0 

“ST- 62. 
t  2S-T 

1 1 -<£>/- 23- ST'S- 
-  ±  17-7 


H Ax  Ho^l2rONTAL  FORCE  @ VESSEL  (KlRs)  r  3^5" 
MiN  HORIZONTAL-  FoecE  <£>  VESSEL.  (LlPT)  51  31 
MEAN  HoR\RONTAL  FORCE  @  VES5IFC  C^'FS)  ~  17*5" 

MAX  VERTICAL  FORCE  (g>  VESSEL  C^lP-s)t  1*8^ 
MUM  VERTICAL-  FORCE  (5>  vessel  £^irs)-  SO 

Mean  vcrtical  Foeco  <$  vessel  C^i&s}-  \  34 
Max  TENSioM  £>  vessel  (.kips}  r  3T6 

MiN  TENSION  ©  VESSt-L  £ICIP^  =  *5  0 
V\£FAM  TENSION  VESSEL  ££lPs)  -  2. 2^ 

max  Hor^.  Force  @  anchor  £iciPi}  t  Rs" 

Min  Horz.  Force  <£>  anchor  (vuPs^r  O 

MAX  VERTICAL  FORCE  ANCHOe  (eiPs)  r  0 


MlN  VERTICAL  FoeCE 


R  NlcHCR.  COIF’S)  r- 


CHAIM  iiAmETet  (»n)  =  6"- O 
LENGTH  OE  CHAIN  Cft^  ^  2,000 
LOCATION  OP  ANCHOR  £PT)  = 

PROOF  coA ^  =.  I  203 


PEAK  T5N510H  /proof  Lc  ai^  x  ioo  =_  3i'2  6 


V-»V 


APPENDIX  A. 3 


WATER  DEPTH 

= 

150  FT 

EFFECTIVE  DEPTH 

= 

162  FT 

WAVE  HEIGHT 

= 

64  FT 

WAVE  PERIOD 

= 

13.6  SEC 

CURRENT 

= 

3  KN 

WIND 

= 

150  KN 

MOORING  CHAIN 

- 

5  IN 

semis  uBme  fcs  iBlm  *  Pniuorft) 
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BRIAN  WATT  ASSOCIATES 


TENS  FORC  AT  SHIP(/orLes) 


SUhHA^V  OF  RgSULTS 
E‘FFE'CTIV£r  WATER.  -DEPTH  =•  I6Q_  F-T 


T>FSJG-N  WAVE  HEIGHT  (FT)  6^-0 

Wave  PeRicc>  (se^)  s.  13- £ 

Max  ceEsr  elevation  (ft)  =  40-S"^ 
Min  Trough  ElF vatic m  ( ft)  =.  -2.3*1 f 
mean  elevation  (ft) 

Mak/miw  surg-e  ofpsst  £ft) -  1*3  a 

MEAN  SVJR.G-E  OFFSET  (ft)  =.  — *8^- 

Max  j**ordeR.  moT/ons  (ft)  =”£3^ 

WAx/i-tin  heave  oFFser  ^r)=.  \%  i 
Mean  heave  offset  (ft)  -  — 3.Q 
Max  |s4oro se  Motion  (ft)  =-±'2.t 

Max/min  Pitch  angle  (oeg)  =  1*8*3 
Mean  pitch  angle  Cdeg)  =  -fir-4 
Max  I*4  ococe.  Motickj  C fcEc)  =  t:  13* 


**3  2-/-i2.r-q 
■t  3^*  6 

\  %  69/-24*70 
-3*0  I 
±ai-7 

^•3/-a4-^ 

-fir-4 

-  1 13*4 


MAx  HORIZONTAL  FbRCE  @ VESSEL  (icip^N  r  3  39 
him  Horizontal,  force  @  vessel  (upe)  s.  © 
mean  Horizontal  force  <g>  vessel  (R'ps)  -  4  7o 

MA>-  vertical  force  (e>  vesse l  CfiPs) s.  2.64 
MlN  vertical  Force  0  vessel  c^irs}-  5-^. 

Mean  vertical  foe.ce  @  vessel  CF'Rs)  =  lfio-5" 

Max  TENSION  ©>  VESSEL  C^lF-S)  =  974 
KIIN  TENSION  ©  Vi?sse-c  =  S’O 

Mean  tension  ©  vessel  -  5-^2. 

max  horz.  Force  @  anchor.  Ct,p3)  ^  6st2. 

min  Worz  .  Force  anchor.  C*iP£)c=.  O 

Max  nsteTical  force  <©>  anchoe  (eips)  r  O 

MIN  VERTICAL  FoBCf  ^  R  Nc  HOE.  C^I  Fs)  s  O 

CHAIN  iiflmETeR.  (in)  =.  6*0 

LE-HGTH  OF  CHAIN  (.Ft)  -  3,000 
LOCATION  OF  ANCHOR  (^rf)  =  2  S 
PROOF  l©*2>  C^«p^  -  o  0.30 

T» 

^pebk  Tfusieu /peoop  tc *  100  =_  4  2-7  ^ a 


TABLE- 3- S"  SUMH/IR'/  RESULTS- DEPTH  U2.PT 


APPENDIX  A.4 


WATER  DEPTH 

100  FT 

EFFECTIVE  DEPTH 

= 

112  FT 

WAVE  HEIGHT 

= 

61  FT 

WAVE  PERIOD 

= 

13.6  SEC 

CURRENT 

= 

3  KN 

WIND 

= 

150  KN 

MOORING  CHAIN 


6  IN 


WEIGHT 
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AMCHO^.  ■=.  l3°|SO  FT 


BRIAN  WATT  ASSOCIATES.  INC 


19.84 


YflW  ANGLE  (DEGREES) 


BRIAN  WATT  ASSOCIATES.  INC. 


SUMMiAfcV  of  Results 

E'FFE'CTIVF'  W^TBR.  "DEPTHS.  \  12.  ft 


tiFSIG-N  WAVS  HEIGHT  ( FT)  *.  61-0 

Wave  Perioo  (.see?)  =.  \3-6 

MAX  ceosT  elevation  (ft)  -  4  3-6s" 

Min  Trough  Elevation  ( ft^)  =.  -tiS-^s- 
M^an  elevation  (Ft)  -  +-  \3-40 

MAx/miN  SURGE  offset  (ft)  =.  -43*62./i^-.  3$r 
mean  surge  oFFser(Fr)  =.  -1^.63 
Max  i*+ordgr  moTioms  ( ft}  -  ±_  3\-o 

MAx/mhN  HEAVE  OFFSET  (Tt)  =-  \1'  13/-  j3 
MEAN  HEAVE  OFFSET  (  FT^  =•  V  \  -  O  3 
Max  Is4 order  MoTicw  (Fr])  =.  t  16*  |^~ 

max/min  Pitch  angle  £deg}  =.  3 •^4/-'22*4^ 
Mean  Pitch  angle  6deg}  =•  —6*2.? 

Max  Is4  oeoc£  Moticki  C -  t  16-2. 

Max  Horizontal  Force  @ vessel  (k»ps}  =  1^43 
mim  horizontal,  force  <Q  vessel  (k.ip£)  =•  o 
mean  Horizontal  force  <g>  vessel  s  3  2.7- 

HAx  vertical  force  (§>  vessc  l  (eiPi}  -  32.3_ 
r\\N  VERTICAL  FORCE  (o>  VESSEL  (KlRs)-  © 
MEAN  VERTICAL  FORCE  Q  VESSEL  £K'Rs}  =•  16  i 

Max  TENSION  £>  VESSEL  (*ips}>  s  1^7 1 
him  TENSION  @  VESSe-c  CKtP;£  r  c? 

MffftNJ  TENSION  G?  VESSEL  C<iPs)  =.  <R3S"*S'” 

max  Horz.  Force  @  anchor  (hhp^  -s. 

MiN  Horz.  force  <g>  Anchor.  (tUPs}  =.  o 

MAX  vertical  FORCE  (@  ftWCHOt  (v:ip^=  o 
MlN  VERTICAL  Foecr  S  rhchoe.  clp|  r  o 

CHAIN  iwmETee.  (in)  ~  6 

LENGTH  OF  CHAIN  -  2.^00  0 

LOCATION  OF  ANCHOR  =  L3£“<3 

PROOF  LoAI>  =.  \6  2-3 


ha  *^y. 


